1. Introduction {#sec1-ijms-19-03877}
===============

The treatment for cancer has been studied and explored for decades. Advancements and breakthroughs in this area have changed the outlook of cancer treatment options. A number of therapeutic options are currently available for treatment, and many are under clinical trials. Cancer can be treated utilizing many methods, such as surgery, chemotherapy, radiotherapy, hormone therapy, and immunotherapy. Among these modalities, surgery has been used broadly as a treatment modality. However, the reoccurrence of tumors is the main drawback of this treatment option. The side effects of chemotherapy, hormone therapy, and radiotherapy are also considered to be a downside of the current cancer treatment. These kinds of drawbacks in treating the tumor have led to approaches for more specific targeting of the tumor site with fewer side effects \[[@B1-ijms-19-03877],[@B2-ijms-19-03877]\].

Among the number of treatment options for cancer, immunotherapy is one of the effective methods due to its specificity in boosting our natural defense mechanism against cancer. The important milestone in the evolution of cancer immunotherapy is considered to be the manipulation of the immune system at the molecular and cellular levels \[[@B3-ijms-19-03877],[@B4-ijms-19-03877],[@B5-ijms-19-03877]\]. After decades of efforts to determine the perfect immunotherapeutic option, vaccines, proteins such as antibodies and many drugs have been discovered. The innovation of biomaterials for the immune checkpoint blockade and CAR (chimeric antigen receptor) T cell response is considered to be a remarkable achievement in this field \[[@B6-ijms-19-03877],[@B7-ijms-19-03877],[@B8-ijms-19-03877],[@B9-ijms-19-03877]\].

Both off-target side effects, cost, and lengthy processing are considered to be drawbacks of immunotherapy treatment methods \[[@B10-ijms-19-03877],[@B11-ijms-19-03877]\]. The safety and efficacy of immunotherapy can be improved by incorporating different therapeutic agents into engineered biomaterials for targeting specific immune reactions. Currently used bioactive carriers are able to load or incorporate biological molecules and even cells. This approach could be utilized for the targeted delivery of antigens, vaccines, proteins, or other immunotherapeutic agents to the desired site. When compared to the conventional immunotherapy with antigens and adjuvants, the combination of conventional therapeutic strategies with current therapeutic strategies would be a suitable option. Conventional approach to treat cancer involved usage of antigens as well as adjuvants. The use of nanoparticles for delivery of these antigens, adjuvants, and other therapeutic agents resulted in the more specific targeting and better outcome in contrast to the conventional method \[[@B12-ijms-19-03877],[@B13-ijms-19-03877],[@B14-ijms-19-03877]\].

The physicochemical characterization is also an important factor to be considered. The size, charge, surface modifications, stability, toxicity is closely related to the action of these particles in the body. The size, shape, charge, and capacity to incorporate therapeutic agents inside the nanocarrier make the nanoparticle system suitable for therapy. Currently, liposomes, PLGA (polylactic-co-glycolic acid) nanoparticles, dendrimers, gold nanoparticles, micelles, polymeric nanoparticles, and microneedles are widely studied for targeting particular immune cells or immune reactions. The combination of biomaterials and drugs using nanotechnology has resulted in interesting outcomes regarding the treatment strategies \[[@B15-ijms-19-03877],[@B16-ijms-19-03877],[@B17-ijms-19-03877],[@B18-ijms-19-03877]\]. A number of biomaterials have been studied for targeting particular immune cells for specific immune reactions \[[@B19-ijms-19-03877],[@B20-ijms-19-03877]\]. The application of biomaterials for immune treatment is being widely studied for many diseases, especially cancer therapy \[[@B21-ijms-19-03877],[@B22-ijms-19-03877],[@B23-ijms-19-03877]\]. This review summarizes the mechanism of immune reactions against cancer and how immunotherapy works against cancer. Moreover, we discuss currently available bioactive nanoparticle systems for cancer immunotherapy and the mode of action of these nanoparticles against cancer.

2. Cancer Immune Response {#sec2-ijms-19-03877}
=========================

Our health is maintained by the immune response as one of the key factors. The tumor immune response is complex; however, many studies have been conducted to discover the interesting mechanisms behind the response. As is known about innate and adaptive immunity, both of these immune responses together help the body maintain its equilibrium \[[@B24-ijms-19-03877],[@B25-ijms-19-03877],[@B26-ijms-19-03877]\]. Discrimination of the immune system between the self and non-self allows the immune response easily detect and eliminate the unwanted or malignant cells from the body \[[@B27-ijms-19-03877],[@B28-ijms-19-03877],[@B29-ijms-19-03877]\]. The first-line immune response of our body starts from the skin and mucous physical barriers to the complex T cell and B cell immune responses.

Both the innate and adaptive immune responses are different and complex in nature. The innate immune system mainly acts through the phagocytosis pathway, which is composed of phagocytic cells such as natural killer (NK) cells, macrophages, neutrophils, and monocytes. The main mode of action of the innate immune response is to discriminate the proteins presented by these cells from those of invading cells. The factors that are able to discriminate these presented proteins from those of the tumor cells are called major histocompatibility complex class I (MHC-I) \[[@B30-ijms-19-03877],[@B31-ijms-19-03877],[@B32-ijms-19-03877],[@B33-ijms-19-03877],[@B34-ijms-19-03877]\]. The adaptive immune responses represent specific and effective methods to inhibit tumor growth. Tumor-associated antigens (TAAs) are the main prompting factor for immune reactions. TAAs can be recognized by both T cells and B cells; thus, targeting TAAs would be a better way to inhibit tumorigenesis. Targeting of TAAs can be done in many ways, among which targeting using antigens is more common and effective. Another method to inhibit tumor growth is to target the immune checkpoint with different specific antibodies \[[@B35-ijms-19-03877],[@B36-ijms-19-03877],[@B37-ijms-19-03877],[@B38-ijms-19-03877],[@B39-ijms-19-03877],[@B40-ijms-19-03877]\].

Immune checkpoint blockade as a therapeutic modality that has gained more attention after the modification of CAR T cell-modified T cells to block specific immune regulatory checkpoints. The advancement in checkpoint blockade therapy resulted in the invention of the PD-1 (programmed cell death-1) and PDL-1 (programmed cell death ligand-1) blockade method, which is characterized by both the specificity and the improved outcome. Another intracellular protein present in T cells, cytotoxic T lymphocyte-associated protein-4, can also be utilized to inhibit the regulation of T cells followed by the arrest of both the proliferation and activation of the tumor cells \[[@B41-ijms-19-03877],[@B42-ijms-19-03877],[@B43-ijms-19-03877],[@B44-ijms-19-03877],[@B45-ijms-19-03877],[@B46-ijms-19-03877]\]. The major cells and components involved in the innate and adaptive immune responses are given below ([Figure 1](#ijms-19-03877-f001){ref-type="fig"}) \[[@B47-ijms-19-03877]\].

The mode of action of the immune response against tumors is based on how the immune system can differentiate between cancer cells and normal cells. The main difference between cancer cells and normal cells is the expression of various kinds of TAAs in cancer cells. The killing of cancer cells can be achieved by both immunogenic and tolerogenic signals. The immunogenic signals are released due to the rapid growth of the tumor followed by necrosis. The necrosis of the tumor will result in the release of TAAs and immunogenic signals followed by the activation of phagocytes and antigen-presenting cells (APCs). This kind of activation results in the production of cytokines such as interferon gamma (IFN-γ) and tumor necrosis factors, leading to the upregulation of MHC class I expression and tumor suppression. The tolerogenic signals can act in main three ways. The downregulation of MHC class I and killing of tumors by TAA-specific cytotoxic T lymphocytes (CTLs) is considered to be one way of killing tumors. In another way, CTL-mediated killing mechanisms can evade immune surveillance. Finally, tumor killing occurs by programmed cell death PD-L1 via activated T cells \[[@B48-ijms-19-03877]\].

3. Cancer Immunotherapy {#sec3-ijms-19-03877}
=======================

A number of cancer immunotherapeutic approaches have been explored widely. However, many new studies have utilized dendritic cell (DC) vaccines, immune checkpoint inhibitors, monoclonal antibodies, cytokines, and adoptive cell therapies \[[@B49-ijms-19-03877]\]. The modes of immunotherapy can be divided into passive or active immunotherapy. The administration of monoclonal antibodies and cytokines is considered to be a passive mode of immunotherapy that is effective in activating the antitumor immune response in the body. DC vaccines, checkpoint inhibitors and adoptive T cell engineering and therapy are considered to be active modes of therapy; hence, they are used to stimulate our self-immune system to attack cancer. A brief idea about the types of immunotherapy and the mode of programmed cell death is given below ([Figure 2](#ijms-19-03877-f002){ref-type="fig"}) \[[@B50-ijms-19-03877]\].

The efficacy and safety of this immunotherapy opened a new window for clinicians to explore and evolve for the betterment of cancer therapy. The discovery of immune checkpoint blockade and CAR T cells for inhibiting tumor growth led immunotherapy to be the suitable modality for cancer treatment. Newer monoclonal antibodies, targeting new immune system checkpoints, the invention of tremendous cancer vaccines and oncolytic viruses, the modification of CAR T cells and the discovery of tumor-infiltrating lymphocytes and interleukin-2 make this area of treatment different from other treatment methods \[[@B51-ijms-19-03877],[@B52-ijms-19-03877],[@B53-ijms-19-03877]\].

4. Bioactive Nanoparticles for Cancer Immunotherapy {#sec4-ijms-19-03877}
===================================================

Bioactive nanoparticles are considered to be the prime option for immunotherapy due to their special characterizations, such as size, shape, charge, elasticity, and ability to work as a carrier \[[@B54-ijms-19-03877],[@B55-ijms-19-03877]\]. Nanoparticle engineering could be useful for the modification of nanoparticles, particularly for targeting, carrying antigens/adjuvants or drugs for immunotherapy. The size of the nanoparticle can affect the pharmacokinetics, transport, and cellular uptake of the nanoparticle, which can critically affect the therapeutic efficacy \[[@B56-ijms-19-03877]\]. The shape of the nanoparticle also greatly affects the circulation and accumulation of the nanoparticle in the desired site \[[@B57-ijms-19-03877]\].

Another major factor that affects the internalization of nanoparticles into cells is the charge of the nanoparticles. The surface modification of nanoparticles can be accomplished by applying various surface chemistries. Cationic particles accumulate more in tumor cells. Modification of a nanoparticle surface to obtain a positive charge can be utilized. Hence, cationic particles show higher toxicity, and advancements in modification are currently being investigated by many researchers. These three modifications are the major ones to be considered before synthesis of a nanocarrier or nanoparticle for immunotherapeutic use. Other than these modifications, the nanoparticle ligand density and nanoparticle elasticity can also be tuned for improved transport and accumulation of the nanoparticles ([Figure 3](#ijms-19-03877-f003){ref-type="fig"}) \[[@B58-ijms-19-03877]\]. These modifications will enable nanoparticles to increase tumor accumulation and localization and to avoid target uptake.

The various bioactive nanoparticles enable them to be the primary option for immunotherapy ([Figure 4](#ijms-19-03877-f004){ref-type="fig"}). The application of these bioactive nanoparticles in cancer therapy has been studied for decades. Among a number of bioactive nanoparticle systems for cancer immunotherapy, polymeric nanoparticles are the most common. PLGA is one of the most studied FDA-approved polymeric carriers for cancer immunotherapy due to its nontoxicity and biodegradability \[[@B59-ijms-19-03877],[@B60-ijms-19-03877],[@B61-ijms-19-03877]\]. In addition to PLGA lipids, PEG (polyethylene glycol) is also commonly used for the synthesis of nanocarrier systems as vehicles for immunotherapy. Liposomes, micelles, dendrimers, inorganic nanoparticles such as gold nanoparticles, iron oxide nanoparticles, carbon nanoparticles, and quantum dots are also commonly used as carriers due their specific targeting, nontoxicity, and biodegradability \[[@B62-ijms-19-03877],[@B63-ijms-19-03877],[@B64-ijms-19-03877]\]. All of these nanoparticles can be utilized to track cancer and treat tumors with minimal off targeting. The final goal of bioactive nanoparticles is to successfully deliver antigens, adjuvants or other immunotherapeutic agents to the desired target sites, such as lymph nodes or other intracellular locations, for the activation of the immune response.

4.1. PLGA Nanoparticles {#sec4dot1-ijms-19-03877}
-----------------------

PLGA is considered to be an excellent component for immunotherapy due to its low systemic toxicity and high biodegradability compared to other polymeric systems. The majority of PLGA-based nanoparticle studies for cancer immunotherapy are based on targeting the nanoparticle system to DCs. PLGA nanoparticles are taken up by DCs without any recognition of this specific character \[[@B65-ijms-19-03877],[@B66-ijms-19-03877]\]. Targeting DCs using PLGA nanoparticles for the delivery of antigens, vaccines and other therapeutic moieties for immunotherapy is widely studied. One study shows that PLGA nanoparticles are more capable of targeting DCs than PLGA microparticles are. The in vitro results exhibited a lower delivery of humanized targeting antibody (hD1) to the targeted DC cells when microparticles were used. At the same time, nanoparticles showed a 10- to 100-fold higher efficiency in delivery of hD1 \[[@B67-ijms-19-03877]\]. Modification of the PLGA nanoparticle surface for better targeting to DCs has been studied to increase the delivery of more antigens to the desired site. Modification of the surface of the nanoparticle with maximum densities of monoclonal antibody (mAb) to target the cluster of differentiation -205 (DEC-205) receptor resulted in DC immunization with higher interleukin-10 (IL10) production \[[@B68-ijms-19-03877]\].

The antitumor cytotoxic T cell response can be induced by the delivery of vaccines to the DC by targeting DCs using PLGA nanoparticles. CD40-mediated delivery of vaccines to DC cells using PLGA nanoparticles resulted in an antitumor response with prolonged survival. This study reveals that PLGA nanoparticles could be a perfect option for targeting DCs to deliver vaccines \[[@B69-ijms-19-03877]\]. PLGA nanoparticles containing antigenic peptides were successfully delivered to the DCs, followed by the cytotoxic T cell immune response both in vitro and in vivo. These nanoparticles could be more useful to block the immune escape mechanism of tumor cells \[[@B70-ijms-19-03877]\].

The combination of PD-1 blockade and laser immunotherapy can also be achieved by PLGA nanoparticles. After the intratumoral injection of gold nanoshells and anti PD-1 peptide (APP)-loaded PLGA nanoparticles, an excellent killing effect at the primary tumor site was achieved by photothermal therapy (PTT). These nanoparticles also played a vaccine-like role and induced a localized antitumor-immune response. APP release with PTT transient triggering could induce the blockage of the PD-1/PD-L1 pathway to activate T cells, thus subsequently generating a systemic immune response. This therapeutic platform could efficiently kill primary cancers and treat the growth of metastatic tumors \[[@B71-ijms-19-03877]\].

4.2. Liposomes {#sec4dot2-ijms-19-03877}
--------------

Liposomes for the delivery of cancer immunotherapeutic agents are widely studied among different lipid-based nanoparticles. Co-delivery of ovalbumin (OVA) and IFN-γ-encoding pDNA to the DCs by utilizing pH-sensitive liposomes was found to be an effective treatment option. The combined therapeutic effect of OVA and IFN-γ-encoding pDNA in tumor-bearing mice promoted the infiltration of CTLs into the tumor and resulted in a strong antitumor effect \[[@B72-ijms-19-03877]\]. Antigenic peptides (OVA) encapsulated with pH-sensitive fusogenic polymer-modified liposomes showed a good antitumor effect in the OVA-expressing OVA tumor-bearing mice. The CTL activation was found to be much higher than in the control groups. These liposomes might be useful for improving CTL-inducing peptides for efficient cancer immunotherapy \[[@B73-ijms-19-03877]\].

Recently, Yuba E et al. studied the strong immunotherapeutic effect of pH-sensitive dextran liposomes modified with PEG as well as TGF-β 1 (transforming growth factor) receptors. The liposome delivery resulted in a high antitumor effect by the infiltration of CD8-positive cells to the tumor \[[@B74-ijms-19-03877]\]. Yuba et al. reported that liposomes modified with pH-sensitive polymers such as curdlan and mannan were used as bioactive polysaccharides. These pH-sensitive liposomes released their contents at weakly acidic pH and delivered model antigenic proteins into the cytosol of DCs. Subcutaneous injection of these liposomes induced strong antigen-specific immune responses and stronger antitumor effects than those of liposomes modified with a dextran derivative \[[@B75-ijms-19-03877]\].

To overcome the immunosuppressive tumor microenvironment (TME), it is very important to enhance the efficacy of cancer immunotherapy. Agonists of stimulator of interferon genes (STING), a cytosolic immune adaptor protein, have been shown to induce potent antitumor activity when delivered into the TME. The anionic properties of STING agonists make them poorly membrane permeable, cationic liposomes with varying surface polyethylene glycol levels, and they can be used to encapsulate 2′3′-cyclic guanosine monophosphate-adenosine monophosphate (cGAMP) to facilitate its cytosolic delivery. Liposomal delivery improves STING agonist activity and results in immunological memory that helps rechallenge tumor cells \[[@B76-ijms-19-03877]\].

Another area of immunotherapy by gene delivery also utilizes liposomes as the carrier for specific targeting. The delivery and targeting of RNA to DC cells using lipoplexes also has gained more attention in cancer immunotherapy. The delivery of RNA lipoplex (RNA-LPX) to DC cells activates INF-α-mediated immune mechanisms, resulting in in situ DC maturation followed by innate immune reactions. The results were promising for cancer immunotherapy; therefore, RNA-PLX systems can be utilized as a better therapeutic agent for DC targeting \[[@B77-ijms-19-03877]\].

Generally, PEGylation is commonly used in these kinds of studies to modify lipid nanoparticles for the delivery of siRNA. A pH-sensitive cationic lipid called YSK05 for the formulation of a multifunctional envelope-type nanodevice (MEND) is used as a carrier for siRNA to overcome the limitations followed by optimization of the lipid composition. The intratumoral administration of the PEGylated YSK05-MEND enhanced gene silencing and was found to be a good agent for delivery of siRNA into the cytosol \[[@B78-ijms-19-03877]\].

4.3. Micelles {#sec4dot3-ijms-19-03877}
-------------

The use of micelles for cancer therapy has been studied and explored both preclinically and clinically. There is a wide range of applications of micelles in cancer treatment as carriers for imaging, chemotherapy, radiotherapy, and immunotherapy. The synthesis of micelles is comparatively easier than that of other nanoparticles. The biodegradability and nontoxicity of these formulations make them suitable for carrying therapeutic payloads \[[@B79-ijms-19-03877]\]. Antigen delivery to the cytoplasm usually uses pH-responsive liposomes or other kinds of liposomes. However, new studies show that the cytoplasmic delivery of antigens is possible using micelles as carriers. A pH-responsive micelle composed of dilauroyl phosphatidylcholine (DLPC) and deoxycholic acid was synthesized both to deliver antigens to the cytoplasm and to induce an immune response. Micelles were taken up by DCs mainly via macropinocytosis and delivered OVA into the cytosol. These micelles are useful for increasing the capability of cellular immunity in the treatment of cancer \[[@B80-ijms-19-03877]\].

Another study showed the stimulation of the immune response using micelles with the combined action of PTT with immunotherapy. The immune response can be stimulated by regulating metabolism-related enzymes. Due to the accumulation of IR780 in the tumor followed by migration to the lymph node, PTT can be performed, resulting in the inhibition of IDO (indoleamine 2,3-dioxygenase). The inhibition of IDO leads to the activation of T lymphocytes followed by the inhibition of distal tumor growth (abscopal effect). Combined therapy of this micellar system kills the tumor by PTT and inhibits distal tumor growth post-PTT in vivo in BALB/c-nu mice \[[@B81-ijms-19-03877]\].

Polymeric micelles are currently considered to be a more exploratory nanoparticle carrier system for cancer immunotherapy. The delivery of tyrosinase-related protein 2 peptide antigen and adjuvant to the lymph node in the B16F0 melanoma mouse model was performed using cationic diblock polymeric micelles. The resulting increased T lymphocyte anticancer activity indicates the efficiency of these kinds of micelles in treating cancer by improving the immune response \[[@B82-ijms-19-03877]\].

Repolarization of Tumor associated macrophages (TAMs) to M1 macrophages can be used as a strategy for cancer immunotherapy. The use of galactose-functionalized zinc protoporphyrin IX grafted polypeptide micelles for targeting TAMs and delivering immunopotentiators resulted in the induction of ROS and decreased STAT3 expression. Activation of T lymphocytes by the repolarization of TAMs resulted in tumor regression \[[@B83-ijms-19-03877]\].

4.4. Gold Nanoparticles {#sec4dot4-ijms-19-03877}
-----------------------

Gold nanoparticles for immunotherapy are considered to be a highly promising area of research due to their favorable characteristics. Recently, a number of studies have indicated that the ability of gold nanoparticles makes them a perfect carrier for immunotherapy \[[@B84-ijms-19-03877]\]. These nanoparticle systems are broadly used as carriers for antigenic proteins and gene/oligonucleotide delivery to specific sites of interest. At the same time, research on combination therapy with PTT has also been in progress \[[@B85-ijms-19-03877],[@B86-ijms-19-03877],[@B87-ijms-19-03877],[@B88-ijms-19-03877]\]. Different kinds of gold nanoparticles have been synthesized and studied as therapeutic carriers for cancer treatment. The type of gold nanoparticles, including their size, charge, shape, and functional group, has also contributed to the efficacy in accumulating different immune cells ([Figure 5](#ijms-19-03877-f005){ref-type="fig"}) \[[@B89-ijms-19-03877]\].

Delivery of antigens using different gold nanoparticles is possible due to their high affinity towards antigens; at the same time, the affinity depends on the size and shape of the gold nanoparticles that are used. Delivery of CpG for immunotherapy was attempted in different sized and shaped gold nanoparticles, such as gold nanorods, nanoshells, and nanostars of different sizes. The size of the nanoparticle also plays a very important role in the delivery of antigens to the desired site. It has been observed that the 50- and 15-nm gold nanospheres are the perfect option for immunotherapeutic delivery of antigens \[[@B90-ijms-19-03877]\].

Delivery of antigens/adjuvants such as OVA and CpG using gold nanoparticles for the in vivo B16-OVA tumor model is an effective method to treat cancer by activating the immune system. The results of this study showed an antigen-specific immune response that led to an antitumor response and an improved survival rate \[[@B91-ijms-19-03877]\]. Delivery of the CpG oligonucleotide immunostimulant using gold nanoparticles resulted in better accumulation of the nanoparticle. These gold nanoparticles induced the infiltration of macrophages and DCs, leading to the regression of tumor growth. The study was proved both in vitro and in vivo, suggesting that the use of gold nanoparticles could be a good method for antigen delivery \[[@B92-ijms-19-03877]\]. Currently, gold nanoparticles have also been used for image-guided immune checkpoint blockade. Gold nanoparticles conjugated to α-PDL1 showed image-guided tracking and therapeutic effects \[[@B93-ijms-19-03877]\].

Gold nanoparticles can be used both as potent carriers for therapeutic moieties and as PTT agents. The combined PTT and immunotherapeutic effect of gold is possible due to its optical and therapeutic characteristics. The PTT effect resulted in the expression of cytokines and chemokines followed by DC maturation and the T cell immune response. Gold nanoshells could be used both as a PTT agent and an effective immunotherapeutic agent \[[@B94-ijms-19-03877]\]. Another group utilized gold nanoshells for a different kind of immune responses by activating inflammasome complexes. Thermal ablation results in the activation of inflammasomes, resulting in an immunotherapeutic effect by activating proinflammatory cytokines in vivo \[[@B95-ijms-19-03877]\]. Combination therapy was successfully performed by the delivery of gold nanoparticles for PTT therapy and tumor necrosis factor-α (TNF-α) for immunotherapy. The combined effect of both TNF-α and the PTT effect of gold exhibited an improved antitumor effect in vivo in SCK tumors \[[@B96-ijms-19-03877]\].

4.5. Iron Oxide Nanoparticles {#sec4dot5-ijms-19-03877}
-----------------------------

Iron oxide nanoparticles can also be used as potent carriers for vaccine delivery and can be used as antitumor agents for cancer therapy. A very recent study on iron oxide nanoparticles for vaccine delivery showed an improved therapeutic effect. In this study, the authors used a superparamagnetic Fe~3~O~4~ as a delivery system of OVA and as an immune potentiator. The delivery of iron oxide nanoparticles alone exhibited both immune cell activation and cytokine production. These results confirm the immunotherapeutic effect of iron oxide nanoparticles by themselves in a colon adenocarcinoma (CT26) tumor animal model \[[@B97-ijms-19-03877]\]. Another mode of action of iron oxide nanoparticles in cancer immunotherapy is by polarizing immune cells such as DCs and macrophages. This polarization of immune cells will result in an increased immune response against tumors. The administration of FDA-approved ferumoxytol iron supplementation in a mammary cancer model displayed macrophage polarization and increased caspase-3 activity \[[@B98-ijms-19-03877]\]. Other groups have studied DC polarization by the action of branched polyethylenimine--superparamagnetic iron oxide nanoparticles. UVB irradiation in the tumor cells resulted in apoptosis and subsequent tumor antigen production and antitumor immune response. The Th1 polarization of DCs after treatment with iron oxide nanoparticles demonstrated the therapeutic ability of these nanoparticles in treating cancer \[[@B99-ijms-19-03877]\].

4.6. Others {#sec4dot6-ijms-19-03877}
-----------

Dendrimers are used to deliver OVA to immune cells by incorporating OVA into guanidine-terminated dendrimers by utilizing the helix B region of OVA \[[@B100-ijms-19-03877]\]. Immunodendrimers are used to treat ovarian cancer in BALB/c mice. A half-generation poly(propyl imine) dendrimer is conjugated with an immunotherapeutic antibody and loaded with the anticancer drug paclitaxel. This immunodendrimer significantly reduced systemic toxicity and tumor volume, demonstrating the efficacy of dendrimers as a carrier vehicle for both therapeutic drug and antigens \[[@B101-ijms-19-03877]\].

Exosomes are basically secreted by immune cells, and they are characterized to deliver proteins and antigens for therapy. The use of biomimetic exosomes for the delivery of cargos for immunotherapy has gained more attention. Delivery of the monoclonal antibody DEC205 to dendritic cells can be performed using biomimetic exosomes. The synthesis of these exosomes is similar to liposomes. The study was a novel method of delivering antigens to DCs for immunotherapy \[[@B102-ijms-19-03877]\]. The synthesis of artificial exosomes is very easy compared to other carrier systems, and this method of treatment could be a key to future nanomedicine for immunotherapy. Artificial exosomes can be modified using MHC class I peptides and liposomes for DC targeting and T cell activation. The in vivo studies showed increased T cell activation by the action of MHC class I peptide delivery to the DCs. The liposome peptide containing artificial exosomes was found to be very stable and suitable for targeting DCs \[[@B103-ijms-19-03877]\]. Types of nanoparticles used for cancer immunotherapy is given below ([Table 1](#ijms-19-03877-t001){ref-type="table"}).

5. Combinational Immunotherapy {#sec5-ijms-19-03877}
==============================

Among the number of treatment modes for cancer therapy, immunotherapy was found to be more effective with better outcomes. Currently, there are numerous studies being published that combine immunotherapy with other modes of therapy, such as PTT, photodynamic therapies (PDTs), radiotherapy, and chemotherapy. Utilizing immunotherapy with other therapy combinations appears to be a potent way to eradicate cancer and will result in more specific and effective antitumor effects. Overall, combination therapy has resulted in a complete antitumor effect with less risk of tumor recurrence and no metastatic progression. Combination therapy could be a milestone future cancer therapy with low side effects and good results.

There are many studies in which PTT and immunotherapy combinations are used to eliminate cancer. The major benefit of combining PTT with immunotherapy using nanoparticles is the relatively lower risk of tumor recurrence \[[@B104-ijms-19-03877]\]. PDT in combination with immunotherapy is also being studied. Song et al. used a nanoparticle that was synthesized from chimeric peptides and consisted of a photosensitizer PpIX with an immune checkpoint inhibitor called 1MT. The nanoparticle generates ROS upon 630 nm light irradiation, leading to necrosis followed by caspase-3 expression and tumor antigen production. The synergistic effects kill both primary and lung malignancies effectively \[[@B105-ijms-19-03877]\].

The combination of immunotherapy with radiotherapy can also be utilized to obtain an improved antitumor effect in different cancer models; hence, the possibility of tumor antigen release is greater after radiation treatment. A plant-based virus-like (VLP) nanoparticle was used for the delivery of radiation therapy in patients with oral melanoma. VLP nanoparticles increased the infiltration of immune cells to the tumor site, followed by an immune response and tumor killing after radiation \[[@B106-ijms-19-03877]\].

Another area of combinational therapy that utilizes chemotherapy and immunotherapy has also gained more attention in cancer therapy. Numerous studies have also been performed based on this strategy to completely eradicate cancer and reduce the risk of recurrence. Immunosuppressive tumor microenvironment (TME)-responsive nanocarriers were used to deliver PTX, mitoxantrone (MIT) and celastrol (CEL). The importance of delivering drugs is to induce both chemotherapeutic and immunotherapeutic effects synergistically. This combined action of drugs resulted in a better antitumor effect and prevented metastatic progression \[[@B107-ijms-19-03877]\].

6. Conclusions {#sec6-ijms-19-03877}
==============

Immunotherapy is one of the most explored areas in the new era of cancer treatment due to its specificity and fewer side effects compared to the other modality of therapy for cancer. A number of methods have been explored to generate an immune response against cancer by developing new immunotherapeutic agents through the modification of current treatment agents and the development of new carriers for improved targeting. These approaches can be considered a milestone in this area of cancer treatment.

A number of different bioactive materials have been studied preclinically and clinically for cancer therapy. The use of biomaterials in the form of nanoparticles also increased the effectiveness of the therapy due to the special characteristics of these nanoparticle systems. The specificity and targeting ability of the nanoparticle can be altered using different therapeutic moieties, polymers, and targeting agents. Liposomes, PLGA nanoparticles, micelles, dendrimers, and inorganic nanoparticles are commonly used bioactive nanoparticle systems for cancer immunotherapy. All of these nanoparticle systems are currently studied widely, and research is ongoing. The advantages of these kind of bioactive systems are their high targeting ability, low toxicity, biodegradability, and high specificity. However cost for cancer immunotherapy also considerably high when it comes to the clinical perspective. The increased cost of nanomedicine limits this therapeutic options to be in mainstreams. However new approaches are coming out to make cost effective nanoparticle systems for future cancer immunotherapy. The major factors which is to be considered in a better clinical outcome would be the efficiency, potency, toxicity, and cost effectiveness of the nanoparticle systems.

Delivering antigens/adjuvants or other drugs/vaccines to the desired cells or lymph nodes can be done effectively by the use of these types of nanovehicles and is accomplished more easily than other methods of immunotherapy. Liposomes for cancer treatment are currently being studied at the clinical level and represent a potent carrier system for cancer therapy. There are a number of drugs are being studied clinically for cancer immunotherapy such as atezolizumab, nivolumab, pidilizumab, paclitaxel, etc. The major mechanism of action of these drugs are anti-PD1 as well as anti-PDL1. Some of these drugs are currently in clinical trial III phase and some are in phase I and II. To date, a number of studies have indicated that bioactive nanoparticle-assisted immunotherapy could be a perfect tool for future cancer treatment. All these kind of nanoparticles exhibits some unique characteristics which makes them suitable candidate for immunotherapy. In the case of liposomes, it can load both hydrophilic and hydrophobic moieties inside, which enable the delivery of different kinds of therapeutics into the tumor site. PLGA nanoparticles are food and drug administration (FDA) approved and widely used in clinical field for controlled drug delivery as well as in manufacturing of surgical sutures. At the same time PLGA nanoparticles can be used to target specially to DCs which can be utilized for immunotherapy. In the case of micelles, a number of polymeric moieties can be used to synthesize different types of micelles. These polymers can be responsible for a number of immune response which helps in cancer immunotherapy. Moreover the release of therapeutics from micelles can be facilitated by different stimuli responses which can be utilized in immunotherapy. The advantage of use of gold nanoparticles for immunotherapy is wide ranging from their optical properties to therapeutic effect. It can be used for imaging, deliver of macromolecules for therapy and also for combination therapy such as thermal ablation. All these bioactive nanoparticles are unique and suitable for immunotherapy for cancer. Combined immunotherapy with other treatment methods has also recently gained attention. This combination of PTT, chemotherapy, and radiotherapy with immunotherapy can hopefully contribute to future cancer treatment.
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Types of nanoparticle systems used for immunotherapy, containing therapeutic agents, and their functions in different tumor models.

  Material                                                    Therapeutic Agents                       Target                                                                   Function                                                  Tumor Model                                             Size, Charge and Polydispersity Index          Surface Modifications                                        Ref.
  ----------------------------------------------------------- ---------------------------------------- ------------------------------------------------------------------------ --------------------------------------------------------- ------------------------------------------------------- ---------------------------------------------- ------------------------------------------------------------ ---------------------------
  PLGA based nanoparticles                                    AUNP12 anti-PD-1 peptide                 Tumor cells                                                              Blockage of PD-1/PDL-1 Pathway                            4T1 Subcutaneous tumor                                  400--600 nm, positive charge                   \-                                                           \[[@B71-ijms-19-03877]\]
  Trastuzumb                                                  Human epidermal growth factor 2 (HER2)   HER2 degradation and antibody-dependent cell-mediated cytotoxicity       *Invitro* HER2 positive breast cancer model               174 ± 43.9 nm, −21.7 ± 8.6 mV and 0.138 ± 0.066 PDI     \-                                             \[[@B65-ijms-19-03877]\]                                     
  Pam3CSK4 and α-CD40-mAb                                     CD40                                     T cell response                                                          B16-OVA Subcutaneous tumor                                209.8 ± 11.1 nm, −32.2 ± 2.8 mV and 0.114 ± 0.022 PDI   Coating with agonistic α-CD40-mAb              \[[@B69-ijms-19-03877]\]                                     
  Liposomes                                                   SB505124 TGF-β 1 inhibitor               Tumor specific cytotoxic T-lymphocyte CTLs                               Block TGF-β Signal and promote CD8+ T cell infiltration   E.G7-OVA Subcutaneous tumor                             114 ± 15 nm                                    3-Methylglutarylated dextran (MGlu-Dex)-modified liposomes   \[[@B74-ijms-19-03877]\]
  Curdlan and mannan                                          Cytosol of DCs                           Activation of DCs via Th1 cytokine production                            DC2.4 in vitro model                                      100--157 nm, negative charge                            Polysaccharide derivative modified liposomes   \[[@B75-ijms-19-03877]\]                                     
  Stimulator of interferon genes (STING) agonists and cGAMP   Tumor microenvironment (TME)             Pro-inflammatory gene induction and production of immunological memory   B16-F10 Lung metastatic tumor                             160 nm and 42 mV                                        \-                                             \[[@B76-ijms-19-03877]\]                                     
  Micelles                                                    Pyranine antigen                         Cytoplasm of DCs                                                         Antigen specific cellular immunity                        C57BL/6 intradermal immunized mice                      12 nm and −30 mV                               \-                                                           \[[@B80-ijms-19-03877]\]
  NLG919/IR780                                                Lymph node                               Suppression of growth of tumor margin in primary tumors                  4T1 Subcutaneous tumor                                    43 ± 3.2 nm                                             \-                                             \[[@B81-ijms-19-03877]\]                                     
  ROS inducing ZnPP PM/PIC                                    Tumor associated macrophages (TAMs)      Activation of NK cells and T lymphocytes                                 B16-F10 Subcutaneous tumor                                75--82nm, −10--18 mV and 0.2 PDI                        \-                                             \[[@B82-ijms-19-03877]\]                                     
  Gold nanoparticles                                          OVA peptide antigen/CpG adjuvant         Dendritic cells                                                          Induce systemic antigen specific immune response          B16-OVA Subcutaneous tumor                              15--80 nm                                      \-                                                           \[[@B92-ijms-19-03877]\]
  α-PDL1                                                      Tumor cells                              Imaging and tumor reduction                                              Colon cancer subcutaneous tumor                           20 nm                                                   α-PDL1 conjugation                             \[[@B93-ijms-19-03877]\]                                     
  Iron oxide nanoparticles                                    Superparamagnetic Fe~3~O~4~              DCs and macrophages                                                      Immune cell activation and cytokine production            CT2 Subcutaneous tunor                                  600--900 nm, −20--25 mV                        OVA conjugation                                              \[[@B97-ijms-19-03877]\]
  Ferumoxytol                                                 Macrophages                              Increased caspase-3 activity and pro-inflammatory Th1 response           MMTV-PyMT Mammary tumor                                   \-                                                      \-                                             \[[@B98-ijms-19-03877]\]                                     
  Dendrimers                                                  mAbK1/PTX                                Tumor cells---mesothelin receptors                                       Specific binding and anti-tumor activity                  OVCAR3 Subcutaneous tumor                               \-                                             surface modification using AbK1                              \[[@B101-ijms-19-03877]\]
  Artificial exosomes                                         DEC205 monoclonal antibody               Dendritic cells                                                          Targeting to DCs                                          In vitro studies-DCs                                    100 nm                                         MHC Class I peptide surface coating                          \[[@B103-ijms-19-03877]\]
